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CAVE NOTES
A Review of. Cave and Karst Research
May/June, 1966

Volume 8. No.3

OBSERVATIONS
PLECOTUS

ON THE ROOSTING
HABITS OF THE BIG-EARED
BAT,
TOWNSENDII,
IN CALIFORNIA
LIMESTONE
CAVES

by Richard
Department

ofZoo

E.

Graham,

logy and Physiology,

Cave Research
Rutgers

Associates

University,

Newark,

N. J.

Limestone.
caves of central
and northern
California
are sparsely
populated by bats.
Pear-eon,
Kofoe-d, and Pearson
{1952) review
the
factors
responsible
for the paucity of cave-dwelling
Plecotus towna e ndi i , Most important
are the mild regional
climate
encouraging
greater----us;;"
of outdoor
(epigeic)
roosts.
too few caves,
and the apparently low density
of individuals.
They hypothesize
tha.t P,lecotus may have increased in numbers
due to the
availability
of roosts provided by man-made
structures.
It is my experience
that bats inhabiting
limestone caves are few in number and are
encountered
in an irregular
and unpredictable
manner.
For instance,
in a review of cave
visits over a period exceeding a decade,
random sightings
of Plecotus
include 17% of the known limestone
caves,
and of these
"pc stuive sites",
approximatel;r
one sighting of bats per three visits ~s' typical.
Of these encounters,
88 Yo are of Plecotus townsendii; the remainder
are of Myotis spp.
and Pipistrellus
spp- Danehy (1""952) found bats in 10 out of 50 cave trips,
and the largest
grouping contained only eight individuals.
If these 'ratios
are typical~ then this seemingly
. bats in limestone
caves,
or,
ecologically
speaking,
the extatence
of a presumed
unoccupied or poorly
exploited niche by a potential fauna, requires
further
clarification.
From the point of view of the clas sification
of cavernicoles,
no attention is given to, the'
apparent geographical
variation in the degree
of cave-a.as o cfe.tion of certain
organisms.
East of the Rocky Mountains, Plecotus
towns erid'ii is aLrno at exclusively
cave-dwelling,
(Handley. 1959);, to the west, this is not true.
The situation in southern California bat roosts
[Dal que s t , 1947). and in non-limestone
caves
of California
needs restudy and comparison
with
that of the limestone sites in northern
California •
is an ideal species to subject to
especially
in caves, because of its
well known habit of hanging on open s uxfaces ,
its tendency to fly actively for long periods,
and its distinctively
large ears and swollen
ridges over the rostrum (Figure i), In effect,
ther-e is virtually
little chance
of Plecotus
escaping
notice
and recognition
within the

poo-r

representation

of

Plecotus

a census,

1. The big-eared
Plecotus townsendii.

Figure

bat,
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confining

conditions

of California

caves.

Published
accounts
from limestone caves are rare and consist
of simple
listings;
e.g.,
GRINNELL, 1914;
OBERHANSLEY, 1946;
and DANEHY,
1952. The following information is a resume
of the roosting habits of Plecotus townsendii,
supplementing
the findings
of Pearson,
et al.
(1952),
Twente (1955),
and Handley (1959).
General roosting
habits:
The big-eared
bat, although generally
regarded
as
a true cave bat
{Dal.que e t , 1947;
Pearson,
et al , , 1952;
Twente,
1955;
Handley, 1959; Hall and Kelson, 1959),
is not known to roost in the limestone cave habitats
of the Sierra Nevada, Klamath, of Santa Cruz
mountains
to any appreciable
extent. Instead,
in the same general region,
Plecotus
normally roosts
in lava tubes, mines and a variety of man-made
structures
(Pearson,
et al.,
1952). Preference
for non-limestone
cave roosts
can be
explained on the basis
of the bi.oIogfc a'I requirements
and specific
needs
associated
with each type of roost,
and the prevailing
cave
conditions.
Pearson
classifies
Plecotus roosts into four possible types: summer
nighttime roosts of rnales--and females;
ordinary
summer roosts,
predominantly
of males;
winter
hibernating
roosts
of both sexes; and s urrirne r nursery
roosts consisting
of females and their young.
Night-time
and ordinary
summer roosts:
Most of the encounters
with bigeared bats are of one or several alert and easily disturbed individuals.
They
are usually found at the cave mouth or shortly within the cave; these roosts
are dimly lighted and show lower humidities
and higher temperatures
than
the stable troglic
interior.
In every case known to me,
ordinary
summer
roosts of Plecotus
are situated in places
where one could see the light of
the entrance.
I know of no night-time
roosts
in caves aside from an occasional solitary
individual.
Although in some cases there seem. to be shortterm tendencies
for bats to roost in a particular
cave-s-even in the same
spot for months or several years-no
consistent
roosting pattern
could be
resolved from the available data. Bats seem to be consistently
absent from
the greater
number
of limestone
caves.
Die turbed bats are known to fly
throughout
the cave for hours, or,
on occasion,
fly out of the cave into
daylight.
At present
I assume that Plecotus rarely
uses limestone caves for nighttime roosts,
and only sporadically
as ordinary
summer
roosts.
Precise
thermal
requirements
associated
with these
roosts is pr e s urrie d to be a
dominant factor.
Because of the diurnal
and seasonal climatic
fluctuations
in cave thresholds,
and the variations
associated
with cave altitudes,
no one
18
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explanation,
or set of explanations,
applies
to this problem.
Tentatively,
it
appears
that epigeic
roost sites
are
favored
over more marginally
usable
cave habitats.
Winter hibernating
roosts- Limestone cave winter hibernating
roosts, ~
~
have re cei.ve d little attention,
since they occur above 600 meters
in elevation and are mostly
inaccessible
during winter. These contain 10 to 25 individuals hanging apart from each other.
as observed in Kloppenberg
Caverns,
Trinity Natural
Bridge and Cave,
Forest
Glen Caves,
and Bower Cave.
Ambient temperatures
range from 9°C (autumnal)
to as low as I °c (hibernal}, Unfortunately,
high elevation
caves
are few in nurnbe r and widely scattered, so that they do not constitute
an important source of hibernating sites.
The greatest
number of California
caves are, instead.
less
than 600
meters
above sea level; their interior
temperatures
ranging
between 13 and
17°C are too high for achievement
of torpor.
Suitably low temperatures.
however,
do occur in such climatically
unstable situations
as entrances and
"wind-tunnels"
(Geiger,
1959).
These
sites do afford
semi-torpid
bats a
tenuous dormancy.
For example, on several
occasions
serni-torpid
Plecotue
individuals
were seen in the Wintun Lodge of Samwel Cave (shown-onmap
of cave in TREGANZA, 1964, Plate lYE). Here, a wind-tunnel
effect reduces
temperatures
to as low as 11°C. But.
as noted in other such winter occurrences in low elevations,
suitable hibernation
temperatures
are unusual and
subject to frequent
changes. These bats are easily aroused,
capable
of flying,

..
I

Figure

2.

Guano solution

bowl

in

Merriam's

Chamber,

Samwe L Cave.
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and move about the cave. Little is
known about
this
winter activity
(Pearson,
et a.L;, 1952). Thus, the
geographical
distribution
of limestone caves is unfavorable
for hibernation roosts.

Summer nursery
roosts: In contrast,
some low elevation
limestone caves
seem to be suitable
for Plecotus
nursery roosts.
Prior to 1963, three
active nursery
roosts were under
observation;
these sites have since
been abandoned.
Additional abandoned nursery
roost sites of Cave
City, Mercer, and Cr ystal-Stards laus
caves are still recognizable,
though
they may not have been used fur
over a century.
Criteria for recognition of nursery
sites are given
below.
It is possible
that other
20-21,
"foa ai.I!' nursery
sites will be found.
35-38
Danehy (1952)
describes
a colony
of Plecotus
in Clough Cave, which
might have been a nursery colony;
' California
Figure 3. Limestone areas of
this cave has
since been sealed.
----containing the Plecotus s t tes
numThe cause of abandonment of each
bered in the records on page 21.
nursery site mentioned is the same;
namely,
disturbance through
over visitation by people as the caves became
popular.
Although some caves have not been heavily visited
for many years,
the nursery
sites are not reoccupied.
Apparently,
once a nursery
roost is
abandoned,
it is not reoccupied;
long established roosts
are vacated without
hesitation.
Pearson considers
this response as an important
survival mechanism of the species; Handley assumes
such behavior
to be related to the
apparently
recent habitat shift of the species into caves in response to cold
climate.
This seems reasonable
in view of the observed
behavior in California caves.
It is possible to argue that the mild climate
in this area did
not favor
movement into the Hrne s tone cave habitat,
or that establishment
of nursery
roosts might constitute
the first step in the direction of cave
occupation.
In California,
where caves are comparatively
small,
scattered.
and not common in suitable cIi.rria.ti,c zones, so that they do not meet all of
the biological
requirements
of the species, other habitats
are favored. Furthermore,
the abandoned nursery
roost sites could represent
as few as two
or three
colonies which have moved periodically Erorn one' cave to another
during the last century. This pos sibility is substantiated
by additional findings
of thin guano deposits in caves in the neighborhood of known roosts, which
might have served as alternate
sites.
Since the whereabouts
of two of the
colonies
are unknown either in the main or in the alternate
roosts, they are
presumed
to have found epigeic nursery
roosts.
ical

The following observations
au the nursery colony of Samwel
of the behavior of the species
in this habitat.

Cave is

typ-

The main nursery site within a cave, in the absence of bats, is recognized by two, or in some cases three, characteristics.
The most distinctive
trait is a carpet of guano. Any location which is used by a nursery colony
for one season will have a thin guano carpet. At pres ent, I do not know of
any other species of bat in this region that consolidates
in an area of about
one square
meter of ceiling surface.
The thickness and general condition of
20
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the guano is indicative
of the nursery
size and general
age of the roost.
If
the guano rests upon soil,
it disintegrates;
on limestone
or travertine,
it
will, in time, dissolve
the substrate.
The guano bowl in Samwel Cave (Figure 2) is a remarkable
example
of the effect of guano on cave features.
Here,
a large limestone
block in Me r r-iamta Chamber
(see TREGANZA, 1964,
Plate
lVB) situated beneath
a nursery
roost,
gradually
dissolved
to form a
large
bowl. The third characteristic-ceiling
stain-is
also typical of longused roosts.
Varying in color
fr-om ruby red-amber
to orange-brawn-tan,
it often builds into a crust
approximately
one centimeter
thick. The Ilfossill'
nursery
sites are identified
on the basis of this ceiling
stain in combination
with one or both of the preceeding
traits-the
guano deposit, or the dissolved
floor.

In addition to a main, well-used
site, each nursery
colony has at least
two alternate
sites which are
used in emergencies.
In Samwel Cave,
the
colony moved to a second roost
in Merriam's
Chamber
in 1959; later,
on
occasions,
to an inaccesible
location
at the top of the fissure
adjoining
the
Pleistocene
Room. By 1961, Me r r iam!s Chamber was abandoned corn pl.ete.l'y,
and in 1962 the nursery
colony
did not reappear.
In relatively
small caves,
the growing
visitation by the public is incompatible
with the nursery
require.
ments
of Plecotus , prompting
abandonment
of nursery
sites, even of
great
age.
With ever more persons
exploring caves,
Plecotus
may disappear
entirely
from the limestone
caves
of California.
Records:
The following aurrrrna r-y of occurrences
of PIe cot us is based on
published
records
(Grinnell,
1914; Danehy, 1952),
sight identification
(R.
deSaussure,
Arthur Lange.
and the author),
photographic
documentation by
Lou Goodman,
and the collections
of the Museum of Vertebrate
Zoology of
the University
of California
at Berkeley.
Three specimens
in the Museum,
taken from
Pioneer
Cave by J. G. Cooper on May 12, 1870 may represent
the earliest
record of Plecotus
townsendii from a California
limestone
cave.
The nwnbers
refer to locality
areas
shown in Figure
3.
.AI\l[ADOR
COUN'IY: (1) Fiddler's
Cave, (2) Soldier Creek Cave, (3) Sutter
Creek Cave, (4) Violin Cave ; CAIAVERAS
COUNTY: (5) Brown Deer Cave,
(6) Buckeye Cave, (7) Cave City Cave, (8) Cave of the Quills,
(9) Crystal-Stanislaus
Cave, (10) DubLen Cave, (11) Grapevine Gulch Cave, (12)
Hanging Gardens Cave, (13) Mercer Caverns, (14) Shaw Cave, (15) Spe1eogen Cave, (16) Wool Hollow Cave, (17) Yother's Cave;
ELDORADO COUNTY:
(18) Crystal-Cosumnes Cave, (19) Pioneer Cave; KERN COUNTI':(20) Bodfish Cave, (21) Harrington
Cave;
MARIPOSA
COUNTY: (22) Bower Cave;
PlACER COUNTY:
(23) Lime Rock Caves; PLUMAS
COUNTY: (24) Kloppenberg
Caverns,
(25) Soda Springs Cave;
SANTA
CRUZCOUNTY: (26) Bat Cave,
(27) Empire Cave, (28) IXL Cave; SHASTA
COUNTY:(29) Baird Cave (Lake
Shasta Caverns),
(30) Potter
Creek Cave,
(31) Samwel Cave;
TRINI'IY
COUNTY:(32) Forest Glen Caves, (33) Hall City Cave, (34) Trinity Natural Bridge and Cave;
TULARECOUNTY:(35) Clough Cave,
(36) Palmer
Cave,
(37) Packsaddle Cave, (38) Lost Soldier Cave;
TIJOLUMNE
COUNTY:
(39) Crystal Palace Cave, (40) Pinna~le Point Cave.
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DISCUSSION
REGARDING "MISCHUNGSKORROSIONI'
In the preceeding issue of Cave Notes, Howard discusses a m.ore accurate
calculation of the additional calcite that m.ay be dissolved in a solution formed
from mixing of two solutions
eatur ate d with calcite
at different
carbon
dioxide partial pressures,
and finds that it agrees
more or less
with the
results
of BdgLi, The effect may be considered
established
and Howa r-dts
method and result
appear
correct.
There are.
however, several aspects-historical,
chemical,
and speleological-on
which comment seems
appropriate.
The first remarks
upon this phenomenon in connection with caves,
that
I can find, were made by Franke (1962), although I have been told that it
has been comrne nted upon earlier
by water- supply engineers.
Bbg.ld wrote
about it first in 1963 and presented the first quantitative
calculations
to appear
in the cave literature.
Bbgkt,
as Howard,
obtained his results
by
solving the appropriate
set of equations based on (different) calcite solution
equilibrium
data.
Franke (1962), however,
sketched the equilibrium
curve to show qualitatively that mixing of two saturated solutions produces
an undersaturated
mixture.
This graphical method is detailed further by Goodman (1963), though
he drew his "Hne of a ctton''
with the wrong slope (it should represent
a
-1: 1 mole relation between dis solved calcite
and dissolved free. COz). The
graphical
method is not as accurate as a complete
calculation,
but since
in
most real situations the dominant chemical species
are calcium. bicarbonate
and dissolved C02, it is accurate enough, especially
if the equilibrium
curve
is drawn directly from data for saturated solutions.
Although it does not change the calculation,
Howard should have distinguished between dissolved
CO,,- and Hz CO). These are distinct forms of COz
in solution and the equilibrium
relation for COz(aq) +HzO = Hz (;0:1 is
known
(Wissbrun, et al.,
1954; Shedlovsky, et a1., 1935). The custom of referring
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an
is incorrect.
This
becomes
other
is not
s~nce the rate of C02 hydration

Bbg Ii and Franke
have conjectured
at length on the morphological
effects
that might be expected from 't.Mi schung ekoxroaion'".
They have,
then, perhaps unfortunately.
depicted observed
cave forms which seem to show these
effects.
This is an aspect of "ver ifdc atton" of Mischungskorrosion
which is
sadly in need of more work. but which at the same time encounters
the
immense
difficulty
of observa t'ion , Mischungskorrosion
is a "pecultax" phenomenon. which has only recently
been commented
upon.
Likewise
so is
natural convection
{Curl, 1966). How many other "peculiar"
phenomena are
there about which we have not dreamt.
and on what basis can we presume
to choose as an explanation
only those that we have thought of? I prefer to
view the Mischungskorrosion
hypothesis
as a possibility,
serving
to point our
attention to unexplained
phenomena.
There is one difficulty with the Mischungskorrosion
theory
that has occurred to me, but which has not previously
been commented upon. The theory
has been
developed
in terms
of the mixing of satur.ated
streams.
Cave
streams
in Hrne stone, however,
reach
saturation only very
slowly,
and it
is more likely that when mbd1?-~ occurs,
the streams are unsaturated.
I have
calculated
one case for two 80 % saturated
streams
(based on 73.9 and Z7Z.9
mg CaC03 p0r liter at saturation)
mixing
1:1 (using the graphical
technique
based on the equilibrium
data of Picknett
(1964) at lODe),
and find
that
the mixture
is _about 75
saturated.
This enhancement of
undersaturation
from 20 to 25
is not dramatic.
and should not produce
any
particularly

%

%

startling

morphological

differences.
Rane
Depar-tment

of Chemical
and Metallurgical
University of Michigan.

L. Curl

Engineering
Ann Arbor
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to form.
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discussion
of karst
and so tut i.on-tu-ecct.a features.
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Karst deposits
are prevalent
along the upper surface
of the Mississippian
limestone
in Montana, and record
a period
of subaerial
ka r s t Lng during the
Pennsylvanian.
Solution-breccia
beds
formed between Late Mississippian
and
early Tertiary
time indicating
the stratigraphic
positions
of evaporites that
leached from surface
or near-surface
exposures.
Descriptions
of sections
and
a list
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Isla
p. A10S. 1965.
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and guano deposits.

Prof.
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The largest
cave systems in this island between Puerto Rico and Hispaniola
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of limesolution
features
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Ripple-like
patterns
form on steep to ovethanging surfaces
beneath places
where water seepage channels drain pockets of organic soil and moss. The mechanism governing their form is not understood.
Root grooves up to
12mmdiameter
occur along joint
faces,
due to solution
by acids exuded from originally
rtne
root hairs which invade the joints,
and contribute to joint enlargement.
--ALL
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